Purpose: To report the current quality measures that are applicable to orthopaedic sports medicine physicians. Methods: Six databases were searched with a customized search term to identify quality measures relevant to orthopaedic sports medicine surgeons: MEDLINE/PubMed, EMBASE, the National Quality Forum (NQF) Quality Positioning System (QPS), the Agency for Healthcare Research and Quality (AHRQ) National Quality Measures Clearinghouse (NQMC), the Physician Quality Reporting System (PQRS) database, and the American Academy of Orthopaedic Surgeons (AAOS) website. Results were screened by 2 Board-certified orthopaedic surgeons with fellowship training in sports medicine and dichotomized based on sports medicineespecific or general orthopaedic (nonarthroplasty) categories. Hip and knee arthroplasty measures were excluded. Included quality measures were further categorized based on Donabedian's domains and the Center for Medicare and Medicaid (CMS) National Quality Strategy priorities. Results: A total of 1,292 quality measures were screened and 66 unique quality measures were included. A total of 47 were sports medicineespecific and 19 related to the general practice of orthopaedics for a fellowship-trained sports medicine specialist. Nineteen (29%) quality measures were collected within PQRS, with 5 of them relating to sports medicine and 14 relating to general orthopaedics. AAOS Clinical Practice Guidelines (CPGs) comprised 40 (60%) of the included measures and were all within sports medicine. Five (8%) additional measures were collected within AHRQ and 2 (3%) within NQF. Most quality measures consist of process rather than outcome or structural measures. No measures addressing concussions were identified. Conclusions: There are many existing quality measures relating to the practice of orthopaedic sports medicine. Most quality measures are process measures described within PQRS or AAOS CPGs. Clinical Relevance: Knowledge of quality measures are important as they may be used to improve care, are increasingly being used to determine physician reimbursement, and can inform future quality measure development efforts.
through the use of quality measures. Quality measures are tools that assist in the measurement of health care processes, outcomes, patient perceptions, and organizational structure associated with the provision of quality care. 5 Quality measures can be classified into 3 domains: structure, process, and outcome measures. 7 More specifically, structure measures relate to an organization's capabilities to provide care (whether a particular facility is a designated Level I Trauma Center), process measures are metrics by which a health careerelated activity performed for, on behalf of, or by a patient is measured (the administration of preoperative antibiotics in all surgical patients), and outcome measures relate to the evaluation of the health state of a patient resulting from health care (tracking the number of surgical site infections within the organization).
The importance of quality measures is evidenced by CMS's use of these tools to adjust reimbursement on the basis of a physician's reporting through the Physician Quality Reporting System (PQRS). 8 In addition to pay-for-reporting programs, quality measures can be used for quality improvement projects as well as public reporting such as on Hospital Compare 9 and Physician Compare. 10 Knowledge of the current quality measures applicable to orthopaedic sports medicine offers the opportunity to gain insight regarding criteria private and public payers may use to determine reimbursement, how payers and the public will judge physicians against their peers, and how health care providers and organizations can develop and implement quality improvement projects to provide the highest level of care to our patients. Understanding current quality measures that are applicable to orthopaedic sports medicine physicians can also inform future quality measure development efforts.
The purpose of this investigation is to report the current quality measures that are applicable to orthopaedic sports medicine physicians. Given that a majority of previously identified measures were process measures, 11 we hypothesized that the majority of quality measures identified in this systematic review would be also be process measures rather than structure or outcome measures.
Methods
We used methodology from the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) Statement in conducting this investigation. 12 MEDLINE/PubMed was searched (February 2016) using a customized search term (Table 1) created to identify quality measures related to the practice of orthopaedic sports medicine. Terms such as "quality," "measure," "improvement," and "performance" were included with sports medicineespecific terms such as "shoulder," "elbow," "hip," "knee," "ankle," "concussion," and other sports medicineespecific diagnoses ( Table 2 ). EMBASE was also searched using Scopus with this same criteria.
We also searched the National Quality Forum (NQF) Quality Positioning System (QPS), the Agency for Healthcare Research and Quality (AHRQ) National Quality Measures Clearinghouse (NQMC), and the PQRS databases using specific search terms (3) . The performance of the search was slightly different than for MEDLINE/PubMed because these databases contain only quality measures. In searching these databases, only the items listed in Table 2 were queried. Additionally, the American Academy of Orthopaedic Surgeons (AAOS) website was queried to capture all measures relating to sports medicine, such as Clinical Practice Guidelines (CPG). Appropriate use criteria were excluded because they were not felt to be usable as quality measures. Quality measures, in contrast to appropriate use criteria, are constructed to address a gap in care and provide a clear definition (numerator/ denominator) of how to evaluate a physician or health system's adherence to the measure, with the goal of improving care. We did not include appropriate use criteria because they do not address a gap in care and are not usable to construct a numerator and denominator for a quality measure to evaluate care.
Two board-certified and fellowship-trained orthopaedic sports medicine surgeons (G.D.A. and M.R.S.) reviewed each one of the identified studies or quality measures. Disagreement between the initial 2 reviewers was resolved through review of a third board-certified and fellowship-trained orthopaedic sports medicine surgeon. Documents and measures were included if they related to the practice of orthopaedic sports medicine, defined as "operative and non-operative treatment of conditions relating to sports participation as well as other conditions of the shoulder, elbow, hip, knee, and ankle." The AAOS CPGs were included if they addressed a condition within sports medicine (as defined above) and were "strong," "moderate," or "consensus" recommendations. The inclusion of "moderate" recommendation CPGs (rather than only "strong" or "consensus") were included to not limit the information provided to the reader. For completeness, measures identified in the quality measures databases using the described sports medicine search terms ( Table 2 ) that related to the general practice of orthopaedic surgery and that a fellowship-trained sports medicine physician would treat were also screened for inclusion and reported separately. The only conditions excluded in the search results were those relating to hip and knee arthroplasty.
To further categorize our findings, included measures were categorized using Donabedian's domains of structure, process, and outcome. 13, 14 Included quality measures were also classified based on the CMS National Quality Strategy priorities for reporting, as described above. 6 A c-square analysis was performed when comparing the number of quality measures categorized within Donabedian's domains.
Results
The initial search algorithms identified a total of 1,292 quality measures and articles (Fig 1) . Table 3 describes the databases used in the search. After review, a total of 66 unique quality measures were identifiedd47 determined to be sports medicineespecific (Tables 4  and 5 ) and 19 related to the general practice of orthopaedics for a fellowship-trained sports medicine specialist (Tables 6 and 7 ). Most measures were developed through literature review and the use of RAND/ UCLA Appropriateness Methodology. Using a modified Delphi process, this method allows for multiple rounds of independent ratings by a group of experts and has been shown to produce quality measures with face, construct, and predictive validity. [15] [16] [17] Overall, there were 19 (29%) quality measures being collected within PQRS, with 5 of them relating to sports medicine and 14 relating to general orthopaedics. All of the sports medicineespecific PQRS measures received NQF endorsement. AAOS CPGs comprised 40 (60%) of the included measures and were all within sports medicine. Five (8%) additional measures were collected within AHRQ and 2 (3%) within NQF. A majority of the included measures (83%) were defined as process measures (P < .001).
AAOS CPGs
A total of 96 CPGs were reviewed, with 40 included based on representing "strong," "moderate," or "consensus" recommendations. The subject matter for the included CPGs were treatment of Achilles tendon rupture (2009), anterior cruciate ligament (ACL) injuries (2014), glenohumeral joint osteoarthritis (2009), osteoarthritis of the knee (nonarthroplasty) (2013), osteochondritis dissecans (2010), and rotator cuff problems (2010). All CPGs were classified as process measures and addressed the effective clinical care priority from the National Quality Strategy.
CMS PQRS
A total of 19 PQRS measures were identified and included. Five of these were sports medicineespecific and all related to outcome measures centering on functional change for patients receiving treatment for joint-specific impairments. An additional 14 were related to general orthopaedics, with 11 process and 3 outcome measures. The sports medicineespecific measures all addressed communication and care coordination within the National Quality Strategy priorities whereas the general orthopaedic measures addressed patient safety (8) , effective clinical care (5), communication and care coordination (3), and person-and caregiver-centered experience and outcome (3) . Endorsers included the AAOS, AHRQ, the American College of Surgeons, American Medical AssociationePhysician Consortium for Performance Improvement, CMS, Focus on Therapeutic Outcomes, National Committee for Quality Assurance, and Quality Insights of Pennsylvania.
NQF
A total of 2 unique NQF measures were identified, both relating to general orthopaedics. Five previously identified PQRS measures received NQF endorsement, all within the sports medicine measures. Each one of the identified NQF measures were outcome related and focused on either patient safety or clinical care and coordination. Endorsers included the Children's Hospital of Philadelphia and Focus on Therapeutic Outcomes.
AHRQ NQMC
Five AHRQ NQMC measures were identified, with 2 relating to sports medicine and 3 for general orthopaedics. Four were process related and one was outcome related, with NQS domains of effective clinical care and patient safety. The endorsers included the AAOS, American College of Radiology, CMS, the Joint Commission, Institute for Clinical Systems Improvement, National Committee for Quality Assurance, and the Physician Consortium for Performance Improvement.
Discussion
This review identified 66 quality measures related to the practice of orthopaedic sports medicine. Most of the measures identified relating directly to a sports medicine surgeon were process measures (83%), with 17% being outcome measures. There were no structural measures identified. Most of the process measures were derived from AAOS CPGs.
Kamal et al., 18 in a review of quality measures related to hand and upper limb surgery, reported that 98% were process-related. We found a lower percentage in our review, likely because of the inclusion of functional outcome metrics related to the lower extremity. Although process measures are important and are often used to ensure "best practices" and consistent care, they may not lead to improvement in patient outcomes, one of the main goals of providing quality health care. 19, 20 Although an exclusive focus on outcome measures is not feasible, increasing use of outcome measures would facilitate processes that serve to improve the quality of care provided to the health care consumer. For example, focusing only on outcomes measures would identify a problem (i.e., poor outcomes following rotator cuff repair) but would not identify why a problem exists or a solution for the problem. A process measure would be required to address a poor outcome measure (i.e., ensuring a patient has ceased smoking or has adequate glycemic control prior to elective rotator cuff repair). These measures are gaining increasing importance as the health care model in the United States shifts from fee-for-service to payments made for the provision of quality care. One example of this are the PQRS measures, a CMS-defined list of quality measures that allows for payment adjustments to organizations who treat Medicare patients based on reporting. 8 In this investigation, we identified 47 sports medicineespecific quality measures, many relating to AAOS CPGs (Table 5 ). There were 19 quality measures relating to the general practice of orthopaedic surgery. These centered around the administration of perioperative antibiotics, deep venous thrombosis prophylaxis (when 
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In the absence of reliable evidence, it is the opinion of the work group that local cold therapy is beneficial to relieve pain after rotator cuff surgery. Improvement; NCQA, National Committee for Quality Assurance; NQF, national quality forum; NQMC, National Quality Measures Clearinghouse; PCCEO, person and caregivercentered experience and outcomes; PCPI, physician consortium for physician improvement; PQRS, physician quality reporting system; PS, patient safety; QIP, quality insights of Pennsylvania; QPS, quality positioning system. indicated), postoperative follow-up, surgical complications and reoperations, unplanned admissions, as well as a variety of other measures ( Table 7) .
Many of these PQRS measures are applied to payment programs, public reporting, quality improvement (internal to the specific organization), quality improvement with benchmarking (external benchmarking to multiple organizations), and regulatory and accreditation program. The 5 sports medicineespecific PQRS measures are highly relevant to practicing orthopaedic sports medicine physicians as they measure changes in functional status during treatment for common joint pathologies. Although some of the other 14 PQRS measures identified may not be as relevant within a sports medicine practice at this time, adjustment in regulatory policy may change this fact. Should some of the measures identified in this review become adjusted for patient comorbidities or be compared with other practicing orthopaedic sports medicine physicians, they would become more relevant.
One notable absence from the search results are quality measures relating to concussion. This is likely due to the fact that concussions and their long-term effects have only recently been recognized, and the diagnosis and management of those with suspected concussion is still undergoing standardization. Furthermore, although standardized assessment tools are available to diagnose concussions (e.g., Sport Concussion Assessment Tool), 21 they are reliant on subjective symptoms of the athlete as well as physical examination findings. Completely objective, evidencebased measures to diagnose concussion and determine return to play, such as eye-tracking and vestibular testing, are still under investigation. 22, 23 Organizations are using quality measure data to institute improvements in patient care as well as a basis for reimbursement. 19, 20 It is important for orthopaedic sports medicine specialists to be knowledgeable about these measures. This will ensure surgeons are judged appropriately, allow physicians to be involved in the development of future quality measures, and effectively represent both the patient and physician interests in the development of health care policy. The ultimate goal of quality measures is to provide improved care to patients through high-value, cost-effective practices. This is done by using quality measures to assess care quality, identify suboptimal performance, and implement initiatives to improve patient care. A well-developed measure can provide comparative data on a variety of health care treatments to inform providers and payers about the benefits and shortcomings of these options and interventions. Physicians should have a direct role in the creation of well-formulated quality measures as they often perform the research leading to the development of the measure and have a central role in the provision of health care to the patient. Orthopaedic sports medicine physicians who partake in this process can ensure that quality measures are created that will appropriately judge their practices and lead to improved and costeffective patient care for sports medicineerelated conditions.
Limitations
The limitations of this investigation include the possibility of recording bias, given that further studies or quality measures might have been identified searching other databases. This is further highlighted as we only searched English-language databases. From a quality measure perspective, however, the databases searched in the current study represent the most comprehensive repository of quality measures. Additionally, there may have been bias among the creators of the quality measures themselves, with a focus on particular areas of interest (i.e., criteria for radiographs or magnetic resonance imaging) to the exclusion of others (i.e., concussions). Lastly, included topics in the search term were subjectively chosen by the authors; however, we attempted to cover all anatomic areas and conditions that a sports medicine physician would treat as part of their normal practice.
Conclusions
There are many existing quality measures relating to the practice of orthopedic sports medicine. Most quality measures are process measures described within PQRS or AAOS CPGs.
